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Wind Generation in the BPA BAAWind Generation in the BPA BAA

Approximately 1,500 MW of Approximately 1,500 MW of 
wind generation capacity, or wind generation capacity, or 
14% penetration (wind 14% penetration (wind 
capacity : peak area load).capacity : peak area load).
Approximately 55% of all Approximately 55% of all 
wind generation in the wind generation in the 
Northwest is interconnected Northwest is interconnected 
to the BPA BAA.to the BPA BAA.
Less than a quarter of the Less than a quarter of the 
capacity installed in the BPA capacity installed in the BPA 
BAA serves federal loads.BAA serves federal loads.



Wind Generation in the BPA BAAWind Generation in the BPA BAA

Wind generation capacity is Wind generation capacity is 
expected to grow above 3,000 expected to grow above 3,000 
MW by late 2009.MW by late 2009.
Approaching 6,000 MW by Approaching 6,000 MW by 
2011.2011.
Most of this is expected to Most of this is expected to 
serve loads outside the BPA serve loads outside the BPA 
BAA.BAA.



Wind Generation in the BPA BAAWind Generation in the BPA BAA

Wind generation is backed up Wind generation is backed up 
by hydro resources.by hydro resources.
Large penetration levels and Large penetration levels and 
wind generation serving nonwind generation serving non--
BAA loads in a constrained, BAA loads in a constrained, 
multimulti--purpose reservoir purpose reservoir 
system pose unique system pose unique 
operational challenges.operational challenges.
Need accurate forecasts to Need accurate forecasts to 
manage the resources.manage the resources.



BPA BAA WIND FLEET GENERATION
CAPACITY AND WITHIN‐HOUR VARIABILITY

Data  from 07 Jan 2007 to 25 Jun 2008
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BPA BAA WIND FLEET GENERATION
WIND GENERATOR‐SUPPLIED HOUR‐AHEAD FORECAST

Data from 01 Jul  2007 to 11 Jul  2008
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32% of value are in error 
by 25% or more.

Overall bias of ‐3%.



BPA BAA WIND FLEET GENERATION
WIND GENERATION CUMULATIVE GENERATION IMBALANCE SUPPLIED

Data from 01 Oct 2006 to 08 Jul  2008
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Positive values indicate wind over‐generation relative to forecast, resulting in storage in the FCRPS.



BPA BAA WIND FLEET GENERATION
60‐MINUTE RAMP CUMULATIVE PROBABILITY DISTRIBUTION

Data from 01 Jan 2006 to 25 Jun 2008
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BPA BAA WIND FLEET GENERATION
60‐MINUTE RAMP CUMULATIVE PROBABILITY DISTRIBUTION

Data from 01 Jan 2006 to 25 Jun 2008
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Largest 60‐min ramp observed:
1,161 MW (77% of capacity)
0.024% event (~6‐month event)



Wind Generation Characteristics to DateWind Generation Characteristics to Date
BPA BAA WIND FLEET GENERATION
ACTUAL AND FORECAST GENERATION

Data from 07 ‐ 14 July 2008
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Wind Generation ForecastsWind Generation Forecasts

The intermittent nature of wind generation requires The intermittent nature of wind generation requires 
some level of reserves to be held on the balancing some level of reserves to be held on the balancing 
resources to manage withinresources to manage within--hour variability and hour variability and 
uncertainty (e.g. regulation, generation following).uncertainty (e.g. regulation, generation following).
Forecasts lead to accurate schedules and can help by Forecasts lead to accurate schedules and can help by 
reducing uncertainty.reducing uncertainty.
Forecasts are not perfect, so the balancing resources Forecasts are not perfect, so the balancing resources 
must also stand ready to provide generation imbalance.must also stand ready to provide generation imbalance.



Wind Generation Characteristics to DateWind Generation Characteristics to Date
BPA BAA WIND FLEET GENERATION
TOTAL GENERATION AND IMBALANCE

Data from 07 ‐ 10 July 2008
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Largest 20‐minute changes since May 8, 2008: ‐618 MW and +508 MW.



Wind Generation ForecastsWind Generation Forecasts

For a forecast to provide value, it must be For a forecast to provide value, it must be 
accurate and timely enough to free up those accurate and timely enough to free up those 
reserves held to manage variability and reserves held to manage variability and 
uncertainty in a time frame where that capacity uncertainty in a time frame where that capacity 
can be used for other purposes.can be used for other purposes.



Wind Generation Forecast ValueWind Generation Forecast Value

General Forecast ProductsGeneral Forecast Products
Historical reconstructionHistorical reconstruction
DaysDays--aheadahead
HoursHours--aheadahead
WithinWithin--hourhour



Wind Generation Forecast ValueWind Generation Forecast Value

Historical ReconstructionHistorical Reconstruction
Historical wind records are short, sparse, and Historical wind records are short, sparse, and 
fractured.fractured.
Need to understand longNeed to understand long--term wind patterns and term wind patterns and 
generation potentials to assess resource adequacy generation potentials to assess resource adequacy 
issues.issues.
Estimate characteristics of future wind fleet.Estimate characteristics of future wind fleet.
Input to multiInput to multi--year, probabilistic system studies to year, probabilistic system studies to 
better plan all system resources.better plan all system resources.



Wind Generation Forecast ValueWind Generation Forecast Value

DaysDays--AheadAhead
Hourly timeHourly time--step out for several days.step out for several days.
Estimate daily energy and withinEstimate daily energy and within--day profile.day profile.
Wind generation not serving BAA loads should be Wind generation not serving BAA loads should be 
energy neutral (net wheeling = 0 MW).energy neutral (net wheeling = 0 MW).

Forecast may still provide some insight to withinForecast may still provide some insight to within--hour balancing requirement hour balancing requirement 
when generation is forecast to move rapidly.when generation is forecast to move rapidly.

BAA load served by wind generation reduces BAA load served by wind generation reduces 
residual load served by hydro resources, affecting residual load served by hydro resources, affecting 
physical water movement.physical water movement.



Wind Generation Forecast ValueWind Generation Forecast Value

HoursHours--AheadAhead
Hourly timeHourly time--step out for balance of day.step out for balance of day.
Estimate hourly energy and balanceEstimate hourly energy and balance--ofof--day profile.day profile.
Wind generation not serving BAA loads should still Wind generation not serving BAA loads should still 
be energy neutral (net wheeling = 0 MW).be energy neutral (net wheeling = 0 MW).

Forecast may still provide some insight to withinForecast may still provide some insight to within--hour balancing requirement hour balancing requirement 
when generation is forecast to move rapidly.when generation is forecast to move rapidly.

BAA load served by wind generation reduces BAA load served by wind generation reduces 
residual load served by hydro resources, affecting residual load served by hydro resources, affecting 
physical water movement.physical water movement.



Wind Generation Forecast ValueWind Generation Forecast Value

HoursHours--AheadAhead
The BA balances to the wind generatorsThe BA balances to the wind generators’’ schedules schedules 
(e.g. forecasts).(e.g. forecasts).
The BA is interested in accurate schedules.The BA is interested in accurate schedules.
A BAA BA’’s forecast is of little value in this time horizon s forecast is of little value in this time horizon 
since balancing is on an schedule basis.  since balancing is on an schedule basis.  



Wind Generation Forecast ValueWind Generation Forecast Value

WithinWithin--hourhour
SubSub--hourly instantaneous estimates out 60 minutes hourly instantaneous estimates out 60 minutes 
or more.or more.
Estimates withinEstimates within--hour balancing requirements for all hour balancing requirements for all 
generators requiring balancing services (e.g. all generators requiring balancing services (e.g. all 
interconnected wind generators).interconnected wind generators).
Used for predictive control, positioning of reserves, Used for predictive control, positioning of reserves, 
and better management of hydraulic resources.  and better management of hydraulic resources.  



Wind Generation Forecast ValueWind Generation Forecast Value
BPA BAA WIND FLEET GENERATION FORECAST
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SummarySummary

Accurate schedules are needed for Balancing Accurate schedules are needed for Balancing 
Authorities have accurate information for Authorities have accurate information for 
reliability and control.reliability and control.
Accurate schedules and forecasts help Accurate schedules and forecasts help 
generation owners plan and operate the generation owners plan and operate the 
resources balancing wind.resources balancing wind.
Accurate forecasts reduce the balancing Accurate forecasts reduce the balancing 
requirements needed by wind project owners, requirements needed by wind project owners, 
reducing their costs.reducing their costs.



SummarySummary

The forecasts must be accurate and timely The forecasts must be accurate and timely 
enough for operators to free up capacity that enough for operators to free up capacity that 
would otherwise be used for uncertainty for would otherwise be used for uncertainty for 
some other purpose.some other purpose.
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